TITLE OF THE INVENTION 

Ion Implantation Method and Method for Manufacturing SOI Wafer 
BACKGROUND OF THE INVENTION 
[0001] 

Field of the Invention 

The present invention relates to an ion implantation 
method and a method for manufacturing an SOI wafer. 
[0002] 

Related Background of the Invention 

An SOI (Silicon on Insulator) wafer generally refers 
to a wafer formed into a layered structure of Si 
layer/ insulating layer /Si substrate by forming a thin 
insulating layer and a single crystal Si layer near the surface 
of the Si substrate - In recent years, this SOI wafer has gained 
attention because the SOI wafer is excellent in that 
integration and operation speed thereof are higher in 
comparison with those of a usual bulk Si wafer. 
[0003] 

As a method for manufacturing the SOI wafer, a smart-cut 
method has been known (refer to Japanese Patent Laid-open 
Publication 2000-12285 and so on) . The smart-cut method is 
one for fabricating the SOI wafer in the following manner. 
Specifically, hydrogen ions are implanted into a Si substrate 
through an insulating layer (Si0 2 layer or the like) formed 
on the surface of the Si substrate, and this substrate is bonded 
to another Si substrate, followed by partition of the bonded 



substrates at a portion of such a hydrogen ion implanted layer . 
[0004] 

In the foregoing smart-cut method, generally, an arc 
discharge type plasma source using a^ hot cathode as an ion 
5 source is used in the case of implanting the hydrogen ions 

into the Si substrate. Because the arc discharge type ion 
source accelerates electrons to a high energy state between 
an anode and the cathode to ionize gas, this type of ion source 
is suitable for efficiently generating single atom ions and 
10 multivalent ions. Hence, in this case, hydrogen atom ions 

(H + ) generated from the arc discharge type ion source are 
implanted into the Si substrate, 
{0005] 

In order to easily and securely partition the SOI wafer 
15 at the portion of the hydrogen ion implanted layer in a process 

of manufacturing the SOI wafer, it is extremely important to 
increase an implantation amount of the hydrogen ions into the 
Si substrate. Preferably, the implantation amount is 5x1 O 16 
ion/ cm 2 or more. Hence, it is desirable to perform the ion 
2 0 implantation with a high throughput (hydrogen implantation 

rate into a wafer per unit time) . 
[0006] 

SUMMARY OF THE INVENTION 

However, there are physical limitations on a plasma 
25 density in the arc discharge type ion source, and therefore, 

there is an upper limit on a current density of ion beams of 
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hydrogen atoms extracted as single atom ions, causing 
constraints on the implantation rate of the hydrogen ions. 
A typical throughput is 10 wafer/hour or less. 
[0007] 

Note that, though it is theoretically possible to 
increase a beam current of the hydrogen atom ions by enlarging 
the ion source, the entire apparatus is made unnecessarily 
larger, accordingly power necessary for the operation of the 
apparatus is also made larger. Therefore, efficiency thereof 
is low, and maintenance thereof is also complicated and 
difficult. Accordingly, no fundamental solution of the 
foregoing problems is brought. 
[0008] 

The present invention has been created in consideration 
of the foregoing problems inherent in the related art. It 
is an object of the present invention to provide an ion 
implantation method capable of efficiently implanting 
hydrogen ions into a semiconductor substrate, and provide a 
method for manufacturing an SOI wafer, in which manufacturing 
efficiency of the SOI wafer is sufficiently high. 
[0009] 

In order to solve the foregoing problems, the ion 
implantation method of the present invention is a method for 
implanting hydrogen ions to a predetermined depth of a 
semiconductor substrate, comprising steps of: introducing 
hydrogen gas into a vacuum chamber where an inner pressure 



is reduced and a predetermined magnetic field is formed; 
generating plasma by introducing a microwave into the magnetic 
field; extracting hydrogen ion beams containing hydrogen 
molecule ions from Lhe plasma; and irradiating the hydrogen 
molecule ions onto the semiconductor substrate. 
[0010] 

According to the present invention, when the hydrogen 
gas is introduced into the vacuum chamber where the inner 
pressure is reduced and the predetermined magnetic field is 
formed, the plasma is generated by introducing the microwave 
into the magnetic field. Thus, generation efficiency of the 
hydrogen molecule ions can be enhanced by use of low-energy 
electrons in the plasma generation. Moreover, because an 
extremely high plasma density is achieved, a ratio of the 
hydrogen molecule ions and a current density in the hydrogen 
ion beams extracted from the plasma can be improved. 
Furthermore, the hydrogen ions can be implanted efficiently 
to the predetermined depth of the semiconductor substrate by 
^irradiating the hydrogen molecule ions in the hydrogen ion 
beams onto the semiconductor substrate. Thus, a high level 
throughput becomes realizable in the manufacturing process 
of the SOI wafer, 
[0011] 

In the i on i mplantation method of the present invention, 
it is preferable that a frequency of the microwave and an 
intensity of themagnetic field satisfy conditions represented 



by any of the following Expressions (1) and (2) : 
a>>- »• (1) 

where CD is the frequency of the microwave/ m e is a mass of 
5 electrons, e is a charge of the electrons, andB is the intensity 

of the magnetic field. 

Thus, the generation efficiency of the hydrogen molecule 
ions by the low-energy electrons is further enhanced, and the 
current density of the hydrogen ion beams and the ratio of 
10 the hydrogen molecule ions can be further improved. 

[0012] 

In addition, in the ion implantation method of the 
present invention, it is preferable that a mean residential 
time of the hydrogen molecules from the introduction of the 

15 hydrogen gas into a generation region of the plasma to the 

extraction of the hydrogen ion beams ranges from 5x1 0~ 4 to 
5xl0" 3 seconds. Thus, the generation efficiency of the 
hydrogen molecule ions by the low-energy electrons can be 
further enhanced, and the current density of the hydrogen ion' 

7.0 beams and the ratio of the hydrogen molecule ions can be further 

improved. 
[0013] 

Note that the mean residential time mentioned in the 
present invention is obtained in accordance with the following 



5 



Expression (3) : 




where x is the mean residential time, v g is a mean velocity 
of the hydrogen gas molecules introduced into the plasma 
chamber in the direction where the ions are extracted, L is 
a mean moving distance of the hydrogen gas molecules from an 
ixiLroducLion porL of the plasma chamber to an extraction port 
thereof . 
[0015] 

Furthermore, in the ion implantation method of the 
present invention, it is preferable that one including an 
insulating layer on a Si substrate is used as the semiconductor 
s\ibstrate, and the hydrogen molecule ions are implanted to 
a predetermined depth of the Si substrate by irradiating the 
hydrogen molecule ions from a side of the insulating layer. 
[0016] 

In addition, in the ion implantation method of the 
present invention, it is preferable that one including a Si0 2 
layer on the Si substrate is used as the semiconductor substrate, 
and the hydrogen molecule ions are implanted to a predetermined 
depth of the Si substrate by irradiating the hydrogen molecule 
ions from a side of the Si02 layer. 
[0017] 

Af irstmethodof the present invention for manufacturing 
an SOI wafer is a method for manufacturing an SOI wafer, 



comprising: an ion implantation step of forming a hydrogen 
ion implanted layer to a predetermined depth of a first wafer 
having an insulating layer on one surface of a Si substrate 
by the ion implantation method of the present invention; a 
layering step of obtaining a layered body by layering a second 
wafer formed of a Si substrate on the insula Ling layer of the 
first wafer having been subj ected to the ion implantation step; 
and a partition step of partitioning the layered body at the 
hydrogen ion implanted layer. 
[0018] 

In the foregoing first manufacturing method, the 
hydrogen ion implanted layer is formed to the predetermined 
depth of the first wafer (insulating layer/Si substrate) , the 
second wafer is layered on the insulating layer to form the 
layered body (Si substrate/ insulating layer/Si 

layer/hydrogen ion implanted layer/Si substrate) , and this 
layeredbody is partitioned at the hydrogen ion implanted layer • 
Thus, the SOI wafer (Si layer/ insulating layer/Si substrate) 
is obtained. In this case, by applying the ion implantation 
method of the present invention in the ion implantation step, 
the hydrogen ions are implanted efficiently to the 
predetermined depth of the Si substrate, thus making it 
possible to dramatically improve the throughput . In addition, 
by performing the ion implantation in this way, the formation 
of the hydrogen ion implanted layer to a relatively shallow 
posi. ti.on in the Si. substrate from the surface of the insulating 



layer side can also be achieved easily. Hence, the foregoing 
manufacturing method is extremely useful in that it is possible 
to manufacture the SOI wafer efficiently and securely which 
is excellent in integration. 
[0019] 

A second method of the present invention for 
manufacturing an SOI wafer is a method for manufacturing an 
SOI wafer, comprising: an ion implantation step of forming 
a hydrogen ion implanted layer to a predetermined depth of 
a third wafer formed of a Si substrate; a layering step of 
obtaining a layered body by layering an insulating layer and 
a second wafer formed of a Si substrate on a predetermined 
surface of the third wafer having been subjected to the ion 
implantation step; and a partition step of partitioning the 
layeredbody at the hydrogen ion implanted layer , characterized 
in that the hydrogen ion implanted layer is formed by the ion 
implantation method of the present invention . 
[0020] 

In the foregoing second manufacturing method, after the 
hydrogen ion implanted layer is formed on the third wafer formed 
of the Si substrate, an insulating layer and a fourth wafer 
are layered on a predetermined surface of the third wafer, 
and the layered body is partitioned at the hydrogen ion 
implanted layer. Thus, an SOI wafer (Si layer/insulating 
layer/Si substrate) is obtained. In this case also, by 
applying the ion implantation method of the present invention 
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in the ion implantation step, it is possible to manufacture 
the SOI wafer efficiently and securely which is excellent in 
integration in a similar way to that of the first manufacturing 
me Lhod . 
[0021] 

In each of the first and. second manufacturing methods, 
it is preferable that the insulating layer is a Si0 2 layer. 
Thus, an SOI wafer having a layered structure of Si layer/Si0 2 
layer/Si subsLraLe Is obtained efficiently. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory view schematically showing an 
example of an ion implantation apparatus. 

FIG. 2 is a constitutional view schematically showing 
an example of a microwave ion source. 

FIG. 3 is a cross-sectional view when a source head is 
cut on a plane including an introduction path of the microwave . 

FIGS. 4A to 4D are cross-sectional views schematically 
showing layered structures of a wafer in respective steps. 
DESCRTPTTON OF THF, PRFFF.RRED FTHHODTMENTS 
[0022] 

A preferred embodiment of the present invention will 
be described below in detail with reference to the drawings. 
Note that, in the drawings, the same reference numerals will 
be added to the same or equivalent portions, and repeated 
descriptions will be omitted. 
[0023] 



First, an ion implantation method will be described. 

[0024] 

FIG. 1 is an explanatory view schematically showing an 
example of an ion implantation apparatus for use in the present 
invention. The apparatus shown in FIG. 1 is one provided with 
the ion extraction assembly 1 including the ion source 10, 
the tank 17 for supplying hydrogen gas to the ion source 10 
and the extraction electrodes 11, with the ion mass selector 
13, and with the target substrate folder 14A. The hydrogen 
ion beams IB from the ion extraction assembly 1 are directed 
toward the target substrate folder 14A through the ion mass 
selector 13. In this case, hydrogen molecule ions are selected 
from the hydrogen ion beams IB passing through the ion mass 
selector 13, and these hydrogen molecule ions are irradiated 
onto the target substrate 14 attached onto the target substrate 
folder 14A. 
[0025] 

The ion extraction assembly 1 is one supplying the 
hydrogen ion beams IB containing the hydrogen molecule ions 
by use of a microwave. Note that, though the configuration 
details of the ion source 10 and a light guide path for the 
microwave are not shown in FIG. 1, these wi l l be described 
later with reference to FIGS. 2 and 3. 
[0026] 

, The ion mass selector 13 is provided with the magnetic 
, sector mass analyzer 132 operating together with the mass and 
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the mass selection slit 131. The analyzer 132 contains a 
magnetic field in a direction perpendicular to the sheet of 
FIG. 1* In the magnetic field as described above, ion beams 
containing ions with fixed energy having a predetermined 
mass/charge ratio start from a point proximate to the exit 
aperture of the arc chamber of the ion source 10, pass through 
the entrance and exist apertures of the analyzer 132, and come 
into a focus on the surface of the mass selecLion slit 131. 
[0027] 

Only beams showing ions with a single mass/charge ratio 
are drawn in FIG. 1. Therefore, the beams come into a single 
focus on the aperture of the slit 131, and the beams of the 
ions with this mass/charge ratio can pass through the slit 
131 toward the target substrate 14. Actually, the beams 
discharged from the ion source 10 also contain ions with a 
mass/charge ratio different from one desirable in implantation 
into the subsLraLe 14 . These undesirable ions have a curvature 
radius different from that of desired ions, and do not pass 
through the slit. The desired ions come into the focus on 
one point on the surface of the slit 131 by the analyzer 132. 
Hence, the analyzer 132 has a dispersion surface on the surface 
of FIG. 1. 
[0028] 

FIG. 2 is a constitutional view schematically showing 
an example of a microwave ion source . In FIG. 2, the magnetron 
21, the magnetron mount 22, the circulator 23, the power monitor 



25, the stab tuner 26, the interface tube 27 and the source 
head 28 are coupled in this order, and the plasma chamber 29 
is provided on the front surface of Lhe source head 2 8 . Moreover, 
the dummy load 24 is provided on the side portion of the 
circulator 23. 
[0029] 

The magnetron 21 is one generating a predetermined 
microwave (for example, a microwave of 2.4 5 GHz) . This 
microwave is introduced into the source head 2 8 and utilized 
for the generation of plasma. The circulator 23 is one 
detouring, to the dummy load 24, a reflected microwave that 
is going to return to the magnetron 21 . The detour ed microwave 
is absorbed into the dummy load 24 and converted into heat. 
Moreover, the stab tuner 26 is one adjusting the microwave 
such that a reflection thereof is eliminated and consumption 
thereof for the plasma generation is increased. Note that 
Lhe power monitor 25 detecting the output of the microwave 
and the interface 27 are not essential elements and can be 
omitted as appropriate. 
[00301 

FIG. 3 is a cross-sectional view when the source head 
28 is cut on a plane including the introduction path of the 
microwave. Tn FTG. 3, tine source bushing 32 is formed on the 
magnetron side ( entrance s ide o f the microwave MW ) of the source 
head outer wall 31, and an end thereof is formed into a shape 
bent toward the inside of the source head. The magnet yoke 
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33 is provided on the tip of this bent portion, thus giving 
a recessed space in the inside of the source head 28. The 
exit plate 34 having an opening is provided on the front surface 
of the magnet yoke 33, and the concave plasma chamber 29 is 
disposed on the opening on the magnetron side of the plate 
34. The concave space 37 of the plasma chamber 29 is a plasma 
generation region, to which the hydrogen gas is supplied. 
[0031] 

Moreover, the convex magnet pole 35 is disposed such 
that a convex tip thereof is proximate to the plasma chamber 
29 and a bottom side surface thereof is brought into an tight 
contact with the inner wall surface of the side portion of 
the magnet yoke 33. In this magnet pole 35, the waveguide 
tube 36 is disposed such that the center of the bottom of the 
magnet pole 35 and the convex tip thereof communicate with 
each other. This waveguide tube 36 is one introducing the 
microwave into the plasma chamber 2 9. 
[0032] 

In the space 37 formed of the inner wall surfaces of 
the magnet yoke 33 and the plate 34 and the outer wall surfaces 
of the plasma chamber 29 and the maqnet pole 35, the solenoid 
coil 38 is disposed so as to be wound around the convex portion 
of the magnet pole 35. 
[0033J 

In the ion source having the configuration described 
above, electrons in the magnetic field are subjected to the 



13 



( 

Lorentz force and gyrate along magnetic flux lines. In this 
case, when the microwave is introduced into the waveguide tube 
36 while introducing the hydrogen gas into Lhe plasma 
generation region 37 , the electrons in the magnetic filed are 
excited bv the microwave, and the plasma containing the 
hydrogenmolecule ions (H2 + ) is generatedby a collisionbetween 
the excited electrons and the hydrogen gas in the plasma 
generation region 37 . 
[0034] 

Although thi s pi asma generation may be performed by any 
of the ECR mode and the Of f-ECRmode, it is preferable to perform 
the plasma generation by the Off -ECR mode. The plasma 
generation by Lhe Off -ECR mode makes it possible to enhance 
the generation efficiency of the hydrogen molecule ions by 
low-energy electrons and the plasma density and to further 
improve the current density of the hydrogen ion beams IB and 
the ratio of the hydrogen molecule ions therein. 
[0035] 

Note that the ECR (Electron Cyclotron Resonance) mode 
described here is one to be described as follows. At the ECR 
mode, the frequency of the microwave is made to coincide with 
an electron cycloLron frequency (frequency of the electrons 
gyrating along the magnetic flux lines) represented in the 
following Expression (4) : 

*> = -^--*2 80flxl0 10 [/7r] - ♦ (4) 
27tm e 
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where o c i s an electron cyclotron frequency, irig is a mass of 
electrons, e is a charge of the electrons, and B is an intensity 
of the magnetic field, through which the electrons are 
selectively excited in an electron cyclotron 
5 resonance/absorption process, and the excited electrons and 

the hydrogen molecules are made to collide with each other, 
thus generating the plasma. However, if the plasma is 
generated at the ECR mode, then the hydrogen atom ions (H + ) 
are apt to be generated, and the current density of the hydrogen 
10 ion beams are apt to be insufficient. 

[0036] 

Meanwhile, the Off-ECRmode is one, at which the plasma 
is generated so as not to satisfy the ECR conditions, that 
is, such that the frequency of the microwave and the intensity 
15 of the magnetic field satisfy conditions represented by the 

following Expression (5) or (6) : 

w> •-• (5) 

2nm e 

eB „ 

— (6) 

2.7tm m 

where © is a frequency of a microwave, m« is amass of electrons, 
2 0 e is a charge of the electrons, and B is an intensity of the 

magnetic field- 
Note that, in the case of setting the Off-ECRmode, the 
intensity of the magnetic field may be adjusted while fixing 
the frequency of the microwave, or the frequency of Lhe 
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microwave may be adjusted while fixing the intensity of the 
magnetic field, 
[0037] 

In the Off-ECRiaode, it is preferable that the frequency 
5 of the microwave and the intensity of the magnetic field be 

set such that the frequency co of the microwave is higher (or 
lower) than the electron cyclotron frequency co e by 10 to 50% 
(more preferably, 20 to 40%) . Hence, in Lhe case of using 
a microwave of 2.45 GHz for example, it is preferable that 
10 the intensity of the magnetic field range from 96 to 131 mT 

or from 44 to 79 mT (more preferably, from 105 to 123 mT or 
from 53 to 70 mT) . In addition, in the case of using a microwave 
of 14,5 GHz , it is preferable that the intensity of the magnetic 
field range from 570 to 777 mT or from 259 to 466 mT. 
15 [0038] 

Moreover, a mean residential time of the hydrogen 
molecules from the introducLlon of the hydrogen gas into the 
plasma generation region 37 to the extraction of the hydrogen 
ion beams IB ranges preferably from 5x10"" 4 to 5xl0~ 3 , and more 

20 preferably, from 7xl0" 4 to 3xl0" 3 seconds. If the mean 

residential time exceeds the upper limit value described above, 
then, as a tendency, the ratio of the hydrogen molecule ions 
is lowered. On the other hand, if the mean residential time 
is lowered than the lower limit value described above, then, 

25 as a tendency, the generation efficiency of the plasma is 

lowered. The mean residential time can be set by adjusting 
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the shape and size of Lhe plasma chamber 2 9, the supply amount 
of the hydrogen gas, the extraction amount of the hydrogen 
ion beams IB and the like. 
[0039] 

The hydrogen ion beams IB containing the hydrogen 
molecule ions thus generated are extracLed from the plasma 
chamber 29, and in the ion mass selector 13, the hydrogen 
molecule ions are selected from the hydrogen ion beams IB. 
The irradiation of the hydrogen molecule ions onto the target 
substrate 14 makes it possible to efficiently form a sufficient 
amount of hydrogen ion implanted layer to a predetermined depth 
of the target substrate. 
[0040] 

As the target substrate, a semiconductor substrate such 
as a Si substrate, one in which an insulating layer such as 
a SiC>2 layer is formed on one surface of the semiconductor 
substrate, or the like is suitably used. For example, in the 
case of using a semiconductor substrate having a layered 
structure of Si0 2 layer/Si substrate, the hydrogen ion 
implanted layer is formed in the Si substrate by irradiating 
the hydrogen molecule ions from the side of the Si0 2 layer. 
Then, as the hydrogen ion implanted layer is being formed, 
a thin Si layer is formed between the SlO? layer and the hydrogen 
ion implanted layer. 
[0041] 

Note that, in the conventional method using the arc 
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discharge type ion source, the RF ion source and the like, 
the hydrogen atom ions are more apt to be generated than the 
hydrogen molecule ions, and therefore, the hydrogen atom ions 
have been utilized exclusively in the ion implantation. On 
the other hand, in the ion implantation method of the present 
invention, the plasma generation is performed by use of the 
microwave, and thus, the ratio of the hydrogen molecule ions 
in the plasma can be dramatically increased in comparison with 
the case of using Lhe arc discharge type ion source, the RF 
ion source and the like. Accordingly, the hydrogen molecule 
i.ons can be effectively utilized in the ion implantation. 
[0042] 

For example, the inventors of Lhe present invention have 
confirmed that an ion composition of: 13.5% H 1 ions; 78.1% 
H 2 ' ions; and 8.4% II 3 + ions was achieved when the plasma was 
generated by, setting the mean residential time of the hydrogen 
molecules at 8.9xl0~ 4 seconds in an Of f-ECR mode in which the 
frequency of the microwave was 2.45 GHz, the output of the 
microwave was 700W, and the intensity of the magnetic field 
was 70 itiT. On the contrary, an ion composition of plasma 
generated by the conventional arc discharge type ion source 
was of: 60,2% H + ions; 22.9% H 2 + ions; cind 16.9% H 3 + ions. 
[0043] 

Next, a method for manufacturing an SOI wafer will be 
described in detail by taking, as an example, the case of 
manufacturing an SOI wafer having a layered structure of Si 
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Iayer/Si0 2 layer/Si substrate. 
[0044] 

FIGS. 4A to 4D are cross-sectional views schematically 
showing layered structures of a wafer in respective steps. 
[0045] 

In the ion implantationprooess, as the target substrate, 
one in which the Si0 2 layer 42 is formed on one surface of 
the Si wafer (Si-donor wafer) 41 is used. It is possible to 
form the Si0 2 layer 42 by, for example, oxidizing the surface 
of the Si-donor wafer . The thickness of the Si0 2 layer 42 ranges, 
for example, from 0. 01 to 1 . 0 pm. 
[0046] 

The hydrogen molecule ions are irradiated onto this 
target substrate from the Si02 layer 42 side of the wafer, 
whereby the hydrogen ion implanted layer 43 is formed to the 
predetermined depth of the Si substrate 42/ followed by the 
formation of the thin Si layer between the Si0 2 layer 42 and 
the hydrogen ion implanted layer 43. 
[0047] 

In the ion implantation process, it is preferable to 
generate the hydrogen ion beams by the Of f-ECRmode as described 
above. Thus, an extremely high throughput becomes realizable, 
and consequently, the manufacturing efficiency of the SOI wafer 
can be dramatically improved. The inventors of the present 
invention have confirmed that the manufacturing efficiency 
of the SOI wafer in the case of performing the ion implantation 



19 



by the Of f-ECR mode can be enhanced to no less than four times 
as high as that in the case of the conventional manufac Luring 
method using the arc discharge type ion source, the RF ion 
source and the like. 
[0048] 

It is preferable that the ion implantation amount in 
the ion implantation process be lxl 0 16 ion/cm 2 . In addition, 
the hydrogen ion implanted layer 43 is formed, for example, 
in a position of a depth of 0.005 to 1 . 5 pin from an interface 
between the Si layer 44 and the SiQ 2 layer 42. 
[0049] 

Next, the Si wafer (Si-handle wafer) 45 is bonded onto 
the Si0 2 layer 42 of the target substrate (FIG. 4B) . Note that 
the target layered body can also be obtained in the following 
manner . While an ion implantationprocess similar to the above 
is performed for a Si substrate on which Lhe Si0 2 layer is 
not formed, a Si substrate in which the Si0 2 layer is formed 
on a surface is prepared, and both of" them bonded together 
in a layering process. 
[0050] 

This layered body is partitioned at Lhe hydrogen ion 
implanted layer 4 3 (FIG. 4C) - The hydrogen ion implanted layer 
43 is a fragile layer i n which the covalent bonds of the silicon 
atoms are cut. Therefore, the hydrogen ion implanted layer 
43 can be cut easily by blowing gas such as dry air to the 
side surface of the hydrogen ion implanted layer 43 and 



mechanically shearing the same. 
[0051] 

In such a way, Lhe SOI wafer in which the Si0 2 layer 
42 and the Si layer 44 are layered on the Si substrate 4b in 
this order can be obtained (FIG. 4D) . Note that, though a 
part of the hydrogen ion implanted layer 4 3 remains on the 
surface of Si layer 44 after the partition process in some 
cases, the residual can be removed easily by performing a 
polishing process and the like. Moreover, the thickness of 
the Si layer 44 can be adjusted by polishing the Si layer 44 
further. 
[00521 

As described above, according to the ion implantation 
method of the present invention, the hydrogen ion beams, in 
which the ratio of the hydrogen molecule ions are high and 
the current density is high, are extracLed, and the hydrogen 
molecule ions from Lhe hydrogen ion beams are irradiated onto 
the semiconductor substrate, thusmaking it possible to implant 
the hydrogen ions to the predetermined depth of the 
semiconductor substrate • 
[0053] 

Moreover, according to the method for manufacturing an 
SOI wafer of the present invention, the ion implantation method 
described above of the present invention is applied in the 
ion implantation process, thus making it possible to realize 
the throughput at a high level. In addition, the SOI wafer 
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excellent in integration can be manufactured efficiently and 
securely. 



